Introduction
The discovery of interleukin (IL)-23 and subsequent identification of T helper (Th) type 17 cells have drastically changed the paradigm of the pathogenesis of T cellmediated inflammatory diseases [1, 2] . We now understand that IL-23, produced by macrophages and dendritic cells, exerts its activity mainly via induction of IL-17 by T cells [3] , and hence, the cytokine cascade is referred to as IL-23/IL-17 axis or pathway. Activities attributed to IL-12 and Th1 cells in immune-mediated inflammatory process have now been unveiled to be largely contributed by IL-23 and Th17 cells [4] . Evidence from animal models and human studies indicates that IL-23/IL-17 axis is important in mediating inflammation in spondyloarthritides [5•] . There are multiple key points in the IL-23/IL-17 axis that are targets for therapeutic intervention ( Fig. 1) . Clinical trials targeting this pathway have been exploited with promising results. Current clinical trials are focused on utilizing monoclonal antibodies against upstream cytokines which mediate Th17 cell differentiation, Th17 cytokines, and IL-17 receptors [6] . Transcription factors for the differentiation and development of Th17 cells are potential targets as well, but developing specific agents have been a hurdle until recently. Monoclonal antibodies are not suitable for this purpose due to their inability to access intracellular targets. Fortunately, alternative agents are able to fulfill this task. For instance, small molecules act on the Th17 master transcription factor, retinoic acid-related orphan nuclear receptor (ROR)-γt has been identified and are potentially to be developed as drugs [7, 8] . RNA interference (RNAi)-based technology has advanced to be able to target Rorc gene in CD4 + T cells [9•] . In prospect, these agents are to be explored for therapy in IL-23/IL-17-mediated inflammatory diseases including spondyloarthritides. This brief overview of IL-23/IL-17 axis and its regulatory factors will be focused on providing rationale for potential therapeutic targets. Clinical trials with individual agents in particular diseases will not be discussed in details since they will be covered in other articles of this series.
IL-23/IL-17 axis
IL-17-an important family of cytokines for host defense and inflammation IL-17 is a family of cytokines comprising six members, IL-17A, IL-17B, IL-17C, IL-17D, IL-17E (also called IL- 25) , and IL-17F. IL-17A is the prototype of the IL-17 family and often referred to as IL-17. Among these IL-17 family members, IL-17A and IL-17F are the most closely related in structure and function and best characterized. IL-17A and IL-17F bind to the same receptor complex. Thus, these two molecules are likely to have similar biological activities [10, 11] . Furthermore, IL-17A and IL-17F can both be secreted as disulfide-linked homodimers or heterodimers to give rise to three forms of IL-17, IL-17A/A, IL-17A/F, and IL-17F/F, with similar but potentially different biological activities. Indeed, IL-17A/A seems to have the most potent function in tissue inflammation, followed by IL-17A/F [12] . IL-17A and IL-17F are potent effector molecules affecting a broad range of hematopoietic and non-hematopoietic cells to protect the host against invading microbial pathogens. IL-17A and IL-17F promote the recruitment activation and subsequent migration of neutrophils [10, 13] , inducing anti-microbial peptides and acute-phase protein production. Studies using gene knockout mice or blocking IL-17 signaling have demonstrated that both IL-17A and IL-17F play a critical role in host defense against a variety of pathogens. These include Salmonella enterica [14] , Staphylococcus aureus [15, 16] , Streptococcus pneumoniae [15, 16] , Listeria monocytogenes [17] , Helicobacter pylori [18] , Citrobacter rodentium [15, 16] , Candida albicans [19] , herpes simplex virus [20] , and Trypanosoma cruzi [21] . In humans, gene mutations affecting IL-17 production or IL-17 signaling cause increased susceptibility to infection of S. aureus, S. pneumoniae, and C. albicans [22] .
In addition, being potent granulocyte attractants, both IL-17A and IL-17F act on a broad range of cell types to induce the expression of inflammatory cytokines including tumor necrosis factor (TNF), IL-1β, IL-6, IL-21, IL-23, granulocyte macrophage-colony stimulating factor, and granulocyte growth factor; chemokines including CXCL1, CXCL5, CXCL8, CXCL10, CCL2, and CCL7; and matrix metalloproteinases (MMP1, MMP3, and MMP13) by activating innate and tissue resident cells, such as fibroblasts and epithelial cells [6, 10] . IL-17A also induces the expression of intercellular cell adhesion molecule 1 Fig. 1 . Multiple targets to block IL-23/IL-17 axis. TGF-β transforming growth factor-β, IL interleukin, TNF tumor necrosis factor, STAT signal transducers and activators of transcription protein, ROR-γt retinoic acid orphan nuclear receptor-γt. IL-23 is a heterodimeric cytokine composed of a p40 subunit that is shared with IL-12 and the p19 subunit; IL-23R, signaling IL-23 receptor, is composed of IL-23R and IL-12Rβ1; both IL-17A and IL-17F form homodimers to signal; IL-17A and IL-17F also form IL-17 A/F heterodimers. IL-17 receptor consists of five members, IL-17RA-RE. IL-17A and IL-17F signal through IL-17RA-RC complex. Act1, cytosolic adaptor protein, a key mediator for IL-17A-and IL-17F-mediated signaling. Names of therapeutic agents in bold are FDAapproved for clinical use.
(ICAM-1) in keratinocytes as well as inducible nitric oxides and cyclooxygenase-2 in chondrocytes [13] . These properties seem to be mainly associated with inflammation. It must be noted that a wide range of IL-17A and IL-17F activities can be both beneficial to the host in immunity against infections as well as detrimental in the context of immune-mediated inflammation when the IL-23/ IL-17 pathway is dysregulated.
Th17-a distinct T helper cell subset
The identification of the IL-17 family of cytokines and the finding that IL-23 mediates the expansion of IL-17-producing T cells led to the discovery of a new subset of T helper cells which is designated Th17 cells. Th17 cells, first described in mice, are the major source of IL-17 in many types of adaptive immunity [23, 24] . Th17 cells produce IL-17A, IL-17F, IL-22, IL-21, and TNF. Similar to Th1 and Th2 cells, Th17 cells require specific cytokines and transcription factors for their differentiation. Transforming growth factor (TGF)-β1 is a regulatory cytokine with a pivotal role in controlling T cell homeostasis and differentiation [6] . Independent studies demonstrated that a combination of the proinflammatory cytokines IL-6 and TGF-β induces in vitro differentiation of highly purified naïve CD4 + T cells into IL-17-producing cells [25, 26] . During in vivo differentiation, a more complex network of cytokines, including IL-23, IL-21, and IL-1β, acts to promote or maintain Th17 development in addition to TGF-β1 and IL-6. During the initial Th17 development, IL-6-induced IL-21 acts as a positive amplification loop to enforce Th17 differentiation [27] . IL-21 was subsequently shown to be able to replace IL-6 at least in vitro. In the absence of IL-6, IL-21 together with TGF-β was shown to inhibit development of inducible T regulatory cells (iTreg) and to promote the differentiation of Th17 cells [27] . However, the in vivo relevance of IL-21 in the induction and function of Th17 remains controversial. It has been reported that the absence of IL-21 or IL-21R has no significant difference on the development of Th17 cells [28] . The most important cytokine involved in Th17 differentiation is IL-23. IL-23 is a heterodimeric cytokine composed of a unique p19 subunit and p40 subunit which is shared with IL-12. It has become clear that many of the previous associations of IL-12 and Th1 cells with autoimmunity can be explained by the requirement for IL-23 [1] . IL-23 was first found to preferentially induce IL-17 production by activated CD4 + T cells [29] . During Th17 cell differentiation, IL-23 is not required in the initial steps driving the differentiation of naïve CD4 + T cells into IL-17-producing cells, but it plays a critical role in stabilizing the phenotypic features of the Th17 lineage. Without IL-23, activated CD4 + T cells in the presence of IL-6 plus TGF-β can produce high amounts of IL-17, but cannot fully develop into pathogenic Th17 cells and acquire bystander regulatory properties mediated by IL-10 production [30] . Thus, IL-23 is essential for pathogenic Th17 cells to fully differentiate and exhibit effector function [30] .
Th17 cell differentiation is finely controlled at transcription level by a dynamic regulatory network consisting of positive and negative regulators [31••, 32, 33] . Here, we focus the discussion on ROR-γt and signal transducers and activators of transcription (STAT)-3 in the context of therapeutic intervention. ROR-γt has been identified as the master transcription factor for Th17 cell differentiation. ROR-γt is an isoform of ROR-γ from a splice variant of the Rorc gene that results from initiation by a distinct promoter within the full length of Rorc gene [34] [35] [36] . Unlike ROR-γ, ROR-γt is exclusively expressed in lymphoid cells and is critical for T cell development and lymphoid organogenesis [35, 36] . ROR-γt promotes IL-17 expression by directly binding the promoter region of Il17 gene at multiple sites [33, 37, 38] . Rorc gene knockout mice have severely impaired Th17 cell differentiation and are protected from development of experimental autoimmune diseases [37] . Rorcdeficient CD4 + T cells are not responsive to IL-23 for IL-17 production, indicating that IL-23 exerts its effect on Th17 cells via ROR-γt [37] . Conversely, overexpression of ROR-γt promotes IL-17 expression. Furthermore, ROR-γt is required for fully differentiated Th17 cells to maintain their Th17 status [37] . STAT-3 also plays a critical role in Th17 differentiation. Deletion of STAT-3 in T cells abrogates Th17 differentiation [33] . Patients with hyper IgE syndrome due to dominant negative mutations of STAT-3 have severely impaired ability to produce Th17 cells [39] . STAT-3 binds and regulates many other transcription factors that participate in Th17 differentiation including ROR-γt. However, overexpression of STAT-3 in Rorc knockout cells does not restore IL-17 production, suggesting that STAT-3 requires ROR-γt to act on the Il17 locus to drive IL-17 production [33] .
IL-17 produced by non-Th17 cells-importance in host defense
In addition to Th17 cells, a wide variety of immune cells including CD8 + T cells, γ/δT cells, natural killer T (NKT) cells, innate lymphoid cells, neutrophils, monocytes, and eosinophils can produce IL-17A and IL-17F under various conditions [40] . It is known that IL-17A and IL-17F produced by these immune cells are also IL-23-dependent. These non-Th17 cells produced IL-17 that are important for host defense but may not participate in immune-mediated inflammation. For example, in animal models, γ/δ T cells and IL-17 produced by them are essential for host defense in S. aureus skin infection [41] , whereas IL-17-producing γ/δ T cells are not required for development of arthritis [42] . Furthermore, recently identified IL-17-producing innate lymphoid cells may be important in host defense rather than causing immune-mediated inflammation [43] .
IL-17 receptors
The IL-17 family of cytokines mediates its biological functions via surface receptors on target cells. The IL-17 receptor (IL-17R) family contains five members, namely IL-17RA, IL-17RB, IL-17RC, IL-17RD, and IL-17RE [44] [45] [46] . All of these receptors have one transmembrane domain and a large intracellular C terminus. Functional receptors form heterodimers with IL-17RA as a common subunit. IL-17RA binds both IL-17A as well as IL-17F but requires the IL-17RC subunit to induce responses to IL-17A and IL-17F [47] . IL-17RA is highly expressed on hematopoietic cells, but also minor on osteoblasts, fibroblasts, endothelial cells, and epithelial cells. In humans, IL-17RA can form a heterodimer with IL-17RC that binds human IL-17A and IL-17F. In contrast to IL-17RA, IL-17RC is expressed only at low levels on hematopoietic cells, but it is highly expressed on non-hematopoietic cells [45, 48] . IL-17 activates several downstream signaling pathways including NFκB, MARP, and C/EBP pathways to induce gene expression of antibacterial peptides, proinflammatory chemokines and cytokines, and MMPs. Signaling through IL-17RA and IL-17RC is mediated by a master cytosolic adaptor molecule, Act1, which is recruited upon binding of IL-17 [45, 48] . Act1 is therefore a potential target to block IL-17 activity.
Role of IL-23/IL-17 axis in spondyloarthritis and psoriatic arthritis
The importance of IL-23/IL-17 axis in the pathogenesis spondyloarthritides is firmly supported by data from animal models, genetic studies, and translational studies. Readers are directed to recent excellent reviews for details of discussion [5•, 49] . Here, we highlight a few points pertinent to therapeutic consideration. In animal models, HLA-B27 overexpression in rats is sufficient to lead to activation of IL-23/IL-17 in the gut and joints. This may be related to the tendency of misfolding of B27 molecule [50, 51] . Moreover, systemic overexpression of IL-23 can result in tissue inflammation including enthesitis which may be caused by increased local production of IL-17A and Il-17F [5•, 49, 52] . Genetic variants identified to influence IL-23 production or signaling and Th17 differentiation include Il-23r, Card9, Il-12B, Il-16r, Il-27, Tyk2, and Stat3 [52, 53] . Increased levels of IL-23 and IL-17 as well as Th17 cells are found in patients with ankylosing spondylitis, psoriatic arthritis, and reactive arthritis. Importantly, both IL-23 and IL-17 are overexpressed in the inflamed synovial tissue [54] .
Treatment
The introduction of anti-tumor necrosis factor (TNF) has revolutionized the armamentarium of therapeutic options to treat various autoimmune conditions including inflammatory spondyloarthritides, but there is still a great unmet need for alternative treatments in patients who have contraindications, are intolerant, fail to respond, or become resistant to TNF inhibitors [49] . Various novel therapies to target IL-23/IL-17 pathway are currently under development. IL-23/IL-17 inhibition may yield different outcomes depending on targets. As shown in Fig. 1 , therapeutic strategies can be directed to any key point along the IL-23/IL-17 pathway to arrive to the ultimate outcome-inhibition of IL-17-mediated effects, i.e., all these therapeutic interventions aim at either reduction of IL-17 production or inhibition of IL-17 signaling. Current therapeutic options have been developed to inhibit the Th17 differentiation by blocking the cytokines that are upstream of Th17 pathway, e.g., IL-6 and IL-23. This strategy has been exclusively utilizing monoclonal antibodies to block cytokine activity. It has been shown that TNF inhibitors in responsive patients lead to reduction of Th17 cytokines [55] . In theory, targeting IL-1 will also affect Th17 development (Fig. 1) . However, these are beyond the scope of discussion of this review. Here, we focus on agents of recently developed or under development in blockade of IL-17 and IL-23. Active research has been undergoing to suppress Th17 cells by targeting the master transcription factor, ROR-γt. It has been demonstrated that small molecules interfering with ROR-γt protein interaction with its target genes and RNAi inhibiting Rorc gene expression can suppress Th17 cells. There is no clinical trial currently ongoing using these small molecules or RNAi, but they are highly likely to be translatable for clinical development.
Blocking activities of cytokines in the upstream of Th17 pathway Blocking IL-23
Given its critical role in the development of Th17 cells, naturally, IL-23 is an attractive target. Several monoclonal antibodies are being developed to neutralize IL-23 activity.
Ustekinumab is a fully human IgG1 monoclonal antibody which binds to the shared p40 subunit of IL-12 and IL-23, preventing it from binding to the IL-12Rβ1 receptor protein on the surface of immune cell and thereby inhibiting the bioactivity of IL-12 and IL-23 [56] . This antibody was initially developed with intention to block IL-12 before the discovery of IL-23. This antibody is interfering with the Th1 and Th17 pathways and also keratinocyte activation. Ustekinumab is approved for treatment of moderate to severe plaque psoriasis, but at the same time, it is the first anti-IL-12/23 monoclonal approved for the treatment of active psoriatic arthritis in cases of inadequate response to DMAR Ds or alternative to anti-TNF [56] . Reassuring effect was also noticed in patients with Crohn's disease. Ustekinumab was also tested in an open-label single-arm trial in ankylosing spondylitis with 65 % achieving ASAS 40 at week 24 [57] .
Therapy with monoclonal antibodies against p40 shared subunit of IL-12 and IL-23 causes a downregulation of p40 and IL-23p19, but not of IL-12p35 in psoriatic skin lesions, suggesting that interference with IL-23 rather than IL-12 activity is responsible for this clinical improvement [58] . This is in concordance with results of studies in murine experimental autoimmune encephalomyelitis and collagen-induced arthritis which have indicated that IL-23 rather than IL-12 is responsible for the chronic inflammation [59] .
Briakinumab is a fully human antibody which works through the same mechanism as ustekinumab. It has been similarly efficient in moderate to severe psoriasis as anti-TNF and ustekinumab and superior to methotrexate [60] . It was not tested yet in spondyloarthritis. Unfortunately, it had to be withdrawn from the market in the USA and the European Union out of major safety concerns related to major cardiac events in treatment group [61] .
Antibodies against p19 subunit (specifically blocking IL-23)
Various IL-23 p19-specific drugs are currently undergoing clinical trials. Specifically targeting the p19 subunit of IL-23 may provide selective inhibition of IL-23 and Th17 cells to increase safety by preventing inhibition of IL-12-mediated Th1 response and protection against intracellular pathogens [49] . Besides preservation of Th1 immunity, it has been stipulated that the presence of Th1 cytokines may actually help inhibit the Th17 cells. Thus, it has been hypothesized that targeting the p19 subunit of IL-23 may be as effective as and safer than blocking p40, the shared subunit of IL-12 and IL-23. Tildrakizumab and guselkumab are monoclonal antibodies targeting the p19 subunit of IL-23. Tildrakizumab is in early phase 3 clinical trials, and guselkumab was studied in a recently completed phase 2 study for psoriasis, but either is not yet tested in spondyloarthritis [49, 62] . Guselkumab responders showed significant reductions in psoriasis gene expression and serum IL-17A levels from baseline at week 1 (P=0.031) and week 12 (P= 0.0015), and no changes were observed in the placebo group [63] .
Blocking IL-6 and IL-6R
In vitro studies have demonstrated the important role of IL-6 in the initiation of Th17 cell differentiation and that IL-6 at least partially mediates inflammation in ankylosing spondylitis; blockade of activity seemed like a reasonable next therapeutic attempt.
Tocilizumab is a humanized monoclonal antibody against IL-6Rα approved for the management of rheumatoid arthritis. Despite previous case reports, case series, and pilot studies reporting successful use of tocilizumab in spondyloarthritis and psoriatic arthritis, recently conducted BUILDER-1 and BUILDER-2 prospective randomized, placebo-controlled trials showed lack of efficacy in TNF inhibitor-naïve and TNF inhibitor-refractory ankylosing spondylitis. Even though the IL-6 signaling blockade was effective, which has been demonstrated by the reduction of acute-phase reactants, there was no significant clinical improvement [64] . More so, sarilumab is the first fully human monoclonal antibody against IL-6Rα which demonstrated similar lack of efficacy in TNF inhibitor-naïve ankylosing spondylitis patients. Despite a statistically significant reduction in highly sensitive C-reactive protein, there was no clinical or imaging improvement [65•] . This translates into substantial differences in the mechanisms underlying rheumatoid arthritis and spondyloarthritis and need for more understanding of the intrinsic inflammatory and immunemediated pathways [64] .
Clazakizumab is a humanized anti-IL-6 monoclonal antibody which not only had promising results in patients with moderate to severe rheumatoid arthritis but also was recently found to be effective in psoriatic arthritis in a phase 2b clinical trial with most clear response in musculoskeletal disease manifestations (arthritis, enthesitis, and dactylitis) [66] , but it has not been tested in ankylosing spondylitis yet. More data needs to be accumulated regarding its efficacy.
This poses the obvious question why anti-IL-6R antibodies do not work but anti-IL-6 do? There is no research data to provide any explanation. IL-6 signals through membrane-bound IL-16R and soluble IL-6R to exert anti-inflammatory and proinflammatory activities, respectively. Acute-phase response is actually anti-inflammatory activities mediated by IL-6 via cell membrane-bound IL-6R [67] which may require less anti-IL-6R antibodies to block. At the site of inflammation, IL-6 concentration is likely to largely exceed concentrations of soluble IL-6R where it requires a higher concentration of anti-IL-6R antibodies to block. In contrast, anti-IL-6 antibodies might have an advantage being directly neutralizing IL-6 at the site of inflammation. In addition, detailed studies of effects by anti-IL-6R and anti-IL-6 antibodies on Th17 cells and Th17 cytokines will be likely to offer further explanations.
Blocking Th17 cytokines
Among the Th17 cytokines, IL-17A has been the prime target of several clinical studies.
Two antibodies neutralizing IL-17A, secukinumab and ixekizumab, are being studied in plaque psoriasis and psoriatic arthritis, while secukinumab is also being studied and showing promising results in ankylosing spondylitis. Both compounds proved to have a therapeutic effect in phase 2 trials in rheumatoid arthritis, supporting the role of IL-17A in the pathogenesis [61] . Secukinumab is a fully human anti-IL-17A monoclonal antibody of the IgG1 isotype which also proved efficacious in the treatment of patients with autoimmune uveitis. In contrast, the secukinumab trial in inflammatory bowel diseases had negative results, rather supporting the protective function of IL-17A in the gut, as observed in animal models of colitis [68] [69] [70] .
Ixekizumab is a humanized, hinge-modified IgG4 monoclonal antibody against IL-17A. The most frequent adverse events reported in phase 2 clinical trials with IL-17 blockade include worsening psoriasis, nasopharyngitis, upper respiratory infection, headache, and injection site erythema. Larger and longer trials are required to realize the full clinical extent of IL-17 blockade [71] .
IL-22 is one of the cytokines produced by Th17 cells and has been implicated in the pathogenesis of psoriasis. IL-22 is pathogenic in psoriasis being involved in keratinocyte proliferation, and elevated levels in the blood have been correlated with disease activity [72] . Fezakinumab is a humanized monoclonal antibody targeting IL-22, in phase 1 trials for moderate to severe psoriasis, not yet studied in psoriatic arthritis. More questions need to be answered; as compared with IL-17A which is known to co-stimulate osteoclast, IL-22 promotes stromal repair and also protects against colitis [49, 73] .
Blocking IL-17R-antibody against IL-17RA
IL-17RA and IL-17RC form a heterodimer to signal both IL-17A and IL-17F. Brodalumab is a fully human IgG2 monoclonal antibody against IL-17RA, blocking the effects of IL-17A, IL-17A/F heterodimer, IL-17F, and IL-17E (IL-25). The broader target of brodalumab, while increasing the potential benefit, also poses a higher risk for more adverse effects. IL-17E plays a role in Th2-type inflammatory diseases, dealing with parasitic infections and allergic reactions, such as asthma and atopic dermatitis, and promotes eosinophilia in mice, and blocking its receptor may interfere with those mechanisms [74] . More data and longer time is required to fully appreciate the pros and cons in blocking the IL-17 receptor versus the ligand.
Phase 1 and phase 2 clinical trials show a favorable safety and tolerability profile and also clinical and histological improvement in moderate to severe psoriasis [74] . In a phase 2, randomized, double-blind, placebo-controlled trial in patients with psoriatic arthritis, brodalumab significantly improved response rates in psoriasis, arthritis, and physical function in patients previously naïve or on biologics [75] .
Targeting ROR-γt to suppress Th17 cells As discussed above, it is highly desirable to target pathogenic Th17 cells to avoid impairing the defense effect of IL-17 which are also produced by many immune cells. Recently identified small molecules and RNAi are shown to specifically target ROR-γt and are potentially to be developed as drugs to block Th17 cells.
Small molecules
Through unbiased and candidate screens, several small molecules have been identified to be able to specifically block ROR-γt activity [7, 8] . The cardiac glycoside digoxin and its derivatives bind to ROR-γt ligand binding domain to inhibit its co-activator binding and inhibit Th17 cell differentiation without affecting other T cell lineages [76] . Similarly, by decreasing co-activator recruitment, SR1001 antagonize ROR-α and ROR-γ, and the modified molecule, SR2211, more specifically inhibits ROR-γ and ROR-γt [77, 78] . Ursolic acid and smf azole-type fungicides were identified as ROR-γt or ROR-α/ROR-γt inhibitors, respectively. All these small molecules have been shown to be effective to delay the onset and reduce the severity of experimental autoimmune encephalomyelitis [7] . Moreover, digoxin can suppress adjuvant-induced arthritis. More recently, three other compounds were identified through screening a library of ∼2 million of small molecule compounds to inhibit ROR-γt activity and suppress effector cytokines of Th17 cells. Interestingly, these compounds are shown to act in a different mechanism [79••] . While TMP920 abrogated ROR-γ occupancy of target sequences, TMP778 and GSK805 changed ROR-γt binding to Gata3 and led increased Gata3 mRNA and protein expression. TMP920, TMP778, and GSK805 are all shown to be able to attenuate experimental autoimmune encephalomyelitis and imiquimod-induced skin inflammation [79••, 80] .
RNA interference
RNAi-mediated gene silencing holds great promise for manipulating T cells for developing potential T cell-targeted therapeutics. However, efficient delivery of small interfering RNA (siRNA) into primary T cells represents a major hurdle to the wide use of RNAi technology [81] . Retroviral vectors are effective methods to deliver siRNA into T cells [82, 83] but are not suitable for therapy. Recently, aptamer-mediated delivery of therapeutic siRNA and small hair pain RNA (shRNA) has been investigated in animal models of viral infection and tumor. Aptamers are single-stranded oligonucleotides with high affinity and specificity to the target molecules and are often referred to as chemical antibodies [84, 85] . We have generated a CD4-specific aptamer which is linked to shRNA against Rorc. This CD4 aptamer-RORC shRNA chimera was specifically taken up by CD4 + T cells and silenced ROR-γt expression and suppressed Th17 cells [9•] . By substituting the shRNA, the aptamer-shRNA chimera can be developed to target other transcription factors such as STAT-3 that is involved in Th17 cell differentiation. This technology holds great potential for further development of therapeutics to target Th17 cells.
Targeting Act1 to block IL-17 signaling
The adaptor protein, Act1, is critical for IL-17-IL-17RA/RC signaling [45, 48] . Studies using gene knockout mice proved that Act1 is required for the development of several IL-17-mediated inflammatory disease models including collagen-induced arthritis [86] , imiquimod-induced psoriasis [87] , autoimmune encephalomyelitis-and dextran sodium sulfate-induced colitis [88] , cuprizone-induced demyelination [89] , lupus nephritis [90] , and IL-25 (IL-17E)-induced asthma [91] . All these data suggest that Act1 is a target for blocking IL-17-mediated effects in effector cells. For its intracellular location, small molecules and RNAi-based agents are the best choice to develop for targeting Act1 activity.
Conclusion
IL-23/IL-17 axis is an important component of the immune system in host defense against microbial pathogens, but can mediate inflammation seen in a variety of immune-mediated inflammatory conditions when the pathway is dysregulated. Several lines of evidence indicate that IL-23/IL-17 axis plays a critical role in the pathogenesis of spondyloarthritides. Therefore, blocking IL-23/ IL-17 axis is an attractive strategy for developing therapeutics. Many factors are involved in the development and operation of IL-23/IL-17 axis and hence are therapeutic targets. Monoclonal antibodies targeting specific cytokines dominate the current clinical development of agents with success in blocking IL-23 activity and early but promising results in blocking IL-17A activity. Small molecule agents have been identified to be specific in interference of ROR-γt binding to its target genes, are effective in attenuation of animal models of IL-23/IL-17-mediated diseases, and are promising to translate into clinical development as drugs. CD4 + T cell-directed delivery of siRNA or shRNA targeting Rorc gene represents latest advancement in specific targeting of Th17 cells and will be further validated for usefulness in vivo therapy. It is anticipated that small molecules and RNAi agents will draw more interest for developing drugs to treat spondyloarthritides because of the relatively cheaper production of these agents.
